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But as the insufflation of air by mouth is a very toilsome and loathsome act, and since accordingly an otherwise laudable delicacy of feeling usually prohibits both the physician and other people of propriety from using this method…it is only of little use.
John Herholdt and Carl Rafn, 1796 1 .
Commenting on the first description of mouth-to-mouth respiration, penned by William Tossach in 1744 2 , John Fothergill noted the suggestion of some of his acquaintances, "that a pair of bellows might possibly be applied with more advantage in these cases, than the blast of a man's mouth" 3 . Bellows had previously been used in animal experiments performed by Galen, Andreas Vesalius and Robert Hooke, during the 2nd, 16th and 17th centuries, respectively 4 . Despite their potential benefits, Fothergill dismissed the employment of bellows, since they may not always be at hand, and might generate forces injurious to the victim's lungs 3 .
In contrast, William Cullen advocated the use of bellows for "persons drowned and seemingly dead" 5 , in a letter written to Lord Cathcart, President of the Board of Police in Scotland, in August 1774. Two years later, John Hunter presented his 'Proposals for the recovery of people apparently drowned' 5 to the Royal Society of London. Hunter recommended the employment of a special double-action bellows, which he had first used in canine experiments in 1755. This comprised two separate chambers, one generating positive pressure to fill the lungs with air, and the other negative pressure, to suck out waste gases 6 .
In 1782 The Royal Humane Society officially endorsed bellows apparatus 7, 8 . Several specialised resuscitation kits were subsequently developed, and distributed during the late 18th and early 19th centuries 9, 10 . However, in 1827, Jean Leroy published data from cadaveric animal experiments, demonstrating that artificial respiration with bellows could cause emphysema and pneumothorax 11 . Two years later, a report by a commission of the French Academy of Science corroborated Leroy's findings 12 , and in 1832, the Royal Humane Society withdrew its advocacy of bellows, recommending manual methods of resuscitation.
More than a century later, Joseph Kreiselman reintroduced the use of bellows when he designed and patented 13 'a new resuscitation apparatus' 14 . This was supplied to the US military during World War 2; it was comprised of a hand-operated bellows of approximately 1600 cc capacity and a facemask, with a nonrebreathing valve placed between them. Supplemental oxygen could be added to the bellows chamber via an inlet, with a safety valve preventing the delivery of positive pressures above 20 mmHg. The whole apparatus measured 5¾ inches in diameter and 4 inches in height, and weighed less than two pounds. A right angle elbow connector, designed by Frederick Fink, made it possible to use the device while a patient was receiving manual resuscitation by Schäfer's prone-pressure method 14 .
In 1951, Bernard Lucas and colleagues at the British Chemical Defence Experimental Establishment in Porton, Salisbury, developed a similar bellows-valve-mask resuscitator [15] [16] [17] . Marketed under the registered trademark 'Porton', this device was tested over an 8-year period "on a large number of unconscious subjects in Service and civilian hospitals under widely varying climatic conditions, from the Arctic to the tropics" 17 . During this time it was used "on patients suffering from poliomyelitis being transported by air, for emergency resuscitation in hospital wards, and by hospital orderlies previously untrained in its use" 17 .
While additional manual bellows devices, including the Oxford Inflating Bellows 18 , Blease Manual Resuscitator 19 , and Cardiff Inflating Bellows 20 , were introduced during the 1950s and early 1960s, these devices were considered clumsy and tiring in prolonged use 21 , and rendered largely obsolete by the introduction of selfinflating bags.
In 1954, a strike by Danish petrol tanker drivers grounded the fleet of vehicles distributing oxygen cylinders to the county's hospitals. Working in Copenhagen, Henning Ruben was inspired to create a resuscitator with the familiar look and feel of an anaesthetic 'bag-and-mask', that would work independently of compressed oxygen [22] [23] [24] . Ruben began by asking a bicycle mechanic to weld four bicycle spokes together. These were then manipulated into a latex anaesthetic reservoir bag, and with the aid of an attached string, arranged into a globe-shape frame. When compression of the bag was interrupted, the metal frame re-expanded, and the bag selffilled 22 . Ruben placed a non-rebreathing valve, of his own design 25, 26 , in the head of the device, and an air inlet in its tail 22 . After reviewing the prototype, Holger Hesse of Testa-Laboratorium (later Ambu) agreed to market the resuscitator, but suggested replacing the bicycle spokes with an alternative material 27 . As a result, the first commercial 'Ambu bags' were lined with sponge-rubber, which was thicker at the poles and acted as an expanding spring 21, 28, 29 . By interposing a piece of tubing between the self-inflating bag and the mask, Ruben noted that the bag could be operated by foot, leaving both hands free to hold the mask and maintain the patient's airway 21 .
A series of self-inflating bags followed from other manufacturers. In 1962, Commonwealth Industrial Gases Limited of Alexandria, New South Wales, Australia, filed a patent for a lightweight, inexpensive resuscitator which required only one valve to function 30 . Marketed as the 'Air-Viva' this comprised a plastic reservoir bag, a facemask and an angled connecting piece made of polycarbonate, containing 'Porton' resuscitator. Image courtesy of the Geoffrey Kaye Museum of Anaesthetic History.
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a combined inlet and non-rebreathing valve 31 . One year later, the Western Anesthesia Equipment Company began distributing 'Pulmonator' self-inflating bags 32 . Similar in construction to the Ambu bag, these were made from sponge-lined rubber. Subsequent versions were developed using neoprene and plastic 33 . In 1965, Åsmund Laerdal submitted a patent for an "elastic bag for artificial respiration" 34 . This device, which went on to become the 'Resusci-Folding Bag', was constructed entirely from plastic and designed to fold, so that it could be easily stored "in the instrument bag of a physician" 34 . By 1970 the clinical value of the self-inflating resuscitation bag had been "well established" 35 . Although many of these devices required modification in response to a series of clinical evaluations [35] [36] [37] [38] [39] , their overall simplicity, portability, and relatively low cost, have made them an indispensable item of resuscitation equipment.
